Abstract. Titan's geometric albedo varied noticeably from 1972 to 1978, in phase with variations in solar activity [Lockwood and Thompson, 1979] . We carry out a series of radiative transfer and aerosol formation calculations in order to demonstrate the feasibility of the following scenario for these secular brightness changes: solar activity changes, especially in the UV output of the Sun, result in alterations to the mass production rate of aerosols in Titan's atmosphere, which lead to modifications of their microphysical properties. The latter, in turn, cause the albedo to vary. Current estimates of the change in the solar UV radiation below the dissociation limit of methane imply alterations to the mean radius of the aerosols over an 11-yr solar cycle that are consistent in sign and magnitude with those required to explain the observed secular brightness changes.
Introduction
Titan, Satum's largest satellite, has an atmosphere more massive than that of Mars, with methane being a major constituent and lower hydrocarbons being minor components [Hunten, 1977] . Titan's atmosphere also contains an optically thick haze of submicron-sized aerosols that are thought to be generated in situ by photochemical or high-energy particle processes [Hunten, 1977 Andersson [1977] , and Franklin and Cook [1974] over part of this time interval. Neptune behaved in a similar fashion to Titan, but the magnitude of its brightening was much less. Uranus' brightness steadfly increased over the entire time period.
Based on the temporal characteristics of these results and the difference in amplitude between Titan and Neptune, Lockwood and Thompson [1979] concluded that the brightness variations of Titan and Neptune were not related to changes in orbital position, aspect angle of observation, or the solar constant, but rather to solar-induced changes of albedo. However, they considered the Uranus results to be attributable to variations in the orientation of its highly inclined axis of rotation. In this paper, we investigate the direct and indirect causes of the secular brightness changes of Titan: We first determine the alterations to the properties of its atmospheric aerosols needed to account for the observations of Lockwood and Thompson [1979] . We then discuss the connection between these required changes and solar variability.
Changes in Aerosol Properties
To simulate the secular brightness variations of Titan, we have carried 
Changes in Solar Output
In order to assess the impact of changes of solar output on Titan's brightness, we consider two questions: How do the aerosol properties change as the mass production rate of aerosol material changes? By how much does the component of the solar output responsible for aerosol generation change over a solar cycle? In the previous section, we saw that changes in particle size, composition, or optical depth could account for the observed brightening, but that the optical depth mechanism could be ruled out on other grounds. Since the composition of the aerosols is presently unknown, we cannot simulate the compositional model for the brightening. However, it is possible to relate changes in particle size to changes in aerosol mass creation rates using the Titan cloud model of Toon et al. [1980] . In order to model Titan's aerosol layer, Toon et al.
[ 1980] adapted a model designed by Turco et al. [1979] to simulate the Earth's stratospheric aerosol layer, which is also produced by gas-to-particle transformation processes. The latter correctly duplicates the observed size distribution of stratospheric aerosols . In order to simulate Titan's aerosol layer, Toon et al. [ 1980] assumed that mass is created by unspecified chemical reactions at a prescribed rate above the 0.01 km -atm CH4 level, where the visible optical depth is about 2. They also assumed that the aerosols are involatile. With these assumptions, the processes controlling the aerosol properties are: particle removal by sedimentation and atmospheric transport (modeled in one dimension by eddy diffusion); and particle growth by coagulation. Toon et al. [1980] found several combinations of model parameters that resulted in an aerosol layer which approximately matched the aerosol properties deduced in Papers I and II. These models were characterized by aerosol mass creation rates of about 3 X 10 -• 3 g/cm 2/s or 1 X 10 • o molecules/cm 2/s.
In two widely divergent model atmospheres, Toon et al. [1980] found a similar relation between mass creation rate and particle size. As the mass creation rate increased by a factor of 1.5 and 2.0, the cross section weighted average particle size at a wavelength of 0.6 decreased by about 10% and 16% at optical depth unity, respectively. At optical depth 2, the corresponding changes were 17% and 30%, respectively. Since the fractional increase in mean radius required to explain the secular brighterting between 1972 and 1976 is between 15% and 20%, it appears that a mass input decrease of a factor of 1.5 to 2.0 is required. The reduction in mean size that accompanies an increase in mass production rate can be understood as follows: When the mass supply increases, a given optical depth level occurs at a lower pressure. Since the particle fall speed is a strong function of particle size and pressure, the mean particle size is smaller for a fixed optical depth. There are two types of energy inputs to Titan's atmosphere that may, joinfly, be responsible for gas-to-particle conversion: solar UV radiation and high-energy magnetospheric particles. It seems likely that the dissociation of methane serves as a starting point for aerosol production [ Figure 1) . However, the model involving changes in optical depth predicts a much larger change in the strength of the near-infrared methane bands than appears to be allowed by available measurements. The model involving variations in particle size seems to be very promising, since the magnitude and sign of the required changes are in approximate agreement with those expected from variations in the solar UV output at wavelengths below the dissociation limit of methane. The smaller secular brightness changes of Neptune can be attributed to the photochemically produced aerosol layer in its atanosphere being optically thin [Macy et al., 1978] in contrast to the situation for Titan.
